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A   TESTING   PROCEDURE    FOR   THE   CERTIFICATION   OF    UNDERGROUND 
PROTECTIVE   CABS   AND   CANOPIES 

by 

Stephen  G.  Sawyer^  and  Darryl  K.  Brogan  ^ 


ABSTRACT 

A  testing  procedure  by  which  underground  cabs  and  canopies  can  be 
certified  has  been  developed  by  the  Roof  Control  Group,  Pittsburgh  Technical 
Support  Center,  Mining  Enforcement  and  Safety  Administration,   This  proce- 
dure requires  the  cab  or  canopy  to  be  tested  on  a  rigid  platform,  which  in 
most  situations  can  be  the  mining  equipment  itself,  and  subjected  to  a  load 
distributed  within  the  middle  ninth  of  the  structure's  plan  view  area.   A 
displacement  dial  gage  or  an  equivalent  measuring  device  records  the  maximum 
and  permanent  deflections  of  the  structure's  top  caused  by  the  loading.   The 
total  applied  load  must  be  at  least  as  great  as  whichever  is  smaller,  18,000 
lb  or  15  psi  times  the  structure's  plan  view  area.   If  the  measured  permanent 
deflection  is  less  than  10  percent  of  the  recorded  maximum  deflection,  the 
cab  or  canopy  can  be  certified  by  a  State-registered  professional  engineer. 
The  step-by-step  procedure  for  the  present  testing  method  along  with  five 
examples  of  how  it  could  be  implemented  are  given  in  the  report.   The  results 
of  the  present  test,  which  is  simple  to  conduct,  are  usually  conservative 
because  factors  of  safety  have  been  introduced  to  compensate  for  a  loss  of 
accuracy  which  must  occur  to  gain  simplicity  in  testing. 

INTRODUCTION 

Protective  cabs  and  canopies  that  will  be  required  on  all  self-propelled 
electric  face  equipment  in  underground  coal  mines  must  be  certified  by  a 
State-registered  professional  engineer  as  outlined  by  the  amended  Federal 
Coal  Mine  Health  and  Safety  Act  of  1969  (1^).^   Certification  of  these  pro- 
tective structures  can  be  based  upon  either  engineering  calculations  or 
experimental  tests. 

To  assist  coal  mine  operators  and  manufacturers  of  cabs  and  canopies^  the 
Pittsburgh  Technical  Support  Center  published  a  computer  program  (2^)  and  a 
noncomputer  method  (3)  by  which  these  protective  structures  can  be  analyzed 

■'•General  engineer,  Roof  Control  Group. 
sCivil  engineer.  Roof  Control  Group. 

"^Underlined  numbers  in  parentheses  refer  to  items  in  the  list  of  references 
at  the  end  of  this  report. 


and  designed.   These  two  published  analytical  techniques  are  acceptable  by 
the  Mining  Enforcement  and  Safety  Administration  (MESA)  for  the  certification 
of  cabs  and  canopies,  as  are  any  other  analytical  or  experimental  methods 
based  upon  sound  engineering  principles. 

Many  coal  mine  operators  and  manufacturers  have  indicated  that  they 
prefer  to  certify  their  cabs  and  canopies  through  experimental  testing,  which 
would  include  the  difficult  task  of  applying  a  uniform  load  on  the  tops  of 
their  protective  structures  as  is  required  by  law  (1_) .   However,  by  nonuni- 
formly  loading  a  cab  or  canopy  in  sucti  a  fashion  that  the  maximum  induced 
stress  is  greater  than  that  caused  by  a  uniform  load,  a  simple,  acceptable 
test  can  be  conducted. 

The  purpose  of  this  report  is  to  present  one  acceptable  testing  pro- 
cedure that  could  be  followed  to  certify  cabs  and  canopies.   This  procedure 
involves  the  distribution  of  static  loads  near  the  center  of  the  protective 
structure's  top  and  the  measurement  of  permanent  vertical  deflection  with  a 
displacement  dial  gage  or  its  equivalent.   The  cab  or  canopy  is  tested  on  a 
rigid  platform  or  base  which  in  most  situations  can  be  the  mining  equipment 
itself.   Loading  the  structure  in  the  presented  manner  is  usually  more  severe 
(that  is,  it  induces  higher  stresses)  than  loading  the  structure  unifoirmly. 
Consequently,  the  results  of  such  tests,  which  are  simple  to  conduct,  are 
usually  conservative. 
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DEVELOPMENT  OF  AN  ACCEPTABLE  TESTING  PROCEDURE 

Underground  protective  cabs  and  canopies  are  required  to  elastically 
support  a  static  uniform  load  of  either  18,000  lb  or  15  psi  times  the  plan 
view  area  of  the  cab  or  canopy,  whichever  load  is  lesser  (3_) .   In  certifying 
these  protective  structures  through  engineering  analysis,  the  effects  of  a 
uniform  load  can  be  easily  studied.   However,  experimentally,  the  applica- 
tion of  a  uniform  load  can  be  a  difficult  task.   For  this  reason,  the  testing 
procedure  presented  involves  the  nonuniform  loading  of  protective  cabs  and 
canopies  in  such  a  fashion  that  the  maximum  induced  stress  is  greater  than 
that  which  would  have  been  caused  by  the  same  load  applied  uniformly. 

Any  testing  procedure  that  is  employed  to  certify  cabs  and  canopies 
involving  the  application  of  nonuniform  loads  must  meet  the  following  criteria 

1.  As  mentioned  previously,  the  method  of  applying  the  required  load 
must  give  higher  stresses  than  would  a  uniform  load  of  the  same  magnitude. 

2.  Reliable  measuring  device (s)  must  be  properly  located  to  record 
the  inception  of  plastic  deformation. 


Regarding  the  first  criterion,  it  appears  logical  to  concentrate  the  load 
required  by  law  within  an  area  around  the  centroid  of  the  plan  view  area  of 
the  cab  or  canopy.   The  allowable  area  over  which  the  load  can  be  applied  is 
dictated  by  the  stresses  that  must  be  induced  and  by  the  second  criterion, 
the  method  of  recording  plastic  deformation.   If  strain  gages  were  employed, 
it  would  be  possible  to  determine,  very  accurately,  the  load  at  which  a 
protective  cab  or  canopy  starts  to  yield.   The  major  drawback  with  such  strain 
measuring  devices  is  that  they  must  be  located  properly  on  several  structural 
members  and  necessary  application  techniques  and  data  acquisition  systems  must 
be  used.   All  of  these  requirements  preclude  easy  use  of  these  testing  methods 
by  most  manufacturers  and  coal  mine  operators.   The  present  testing  procedure 
requires  a  displacement  dial  gage  or  an  equivalent  measuring  device  to  be 
placed  underneath  the  centroid  of  the  plan  view  area  to  record  yielding. 
These  deflection  recording  instruments  are  easier  to  employ  than  strain 
gages,  but  are  not  as  accurate.   Accordingly,  a  factor  of  safety  must  be  added 
when  they  are  employed. 

Displacement  dial  gages  are  satisfactory  in  determining  a  protective 
cab's  or  canopy's  elastic  strength  if  the  stresses  induced  by  the  required 
load  applied  nonuniformly  are  one-and-one-half  times  those  caused  by  the  same 
load  applied  uniformly.   The  maximum  allowable  area  over  which  the  required 
load  can  be  applied  to  give  this  increased  stress  level  must  be  determined. 

The  accuracy  of  the  computer  program  CANOPY  (2_)  in  modeling  experimental 
tests  has  been  established  (4).   This  computer  program  was  employed  to  analyze 
over  50  existing  cabs  or  canopies  to  determine  an  allowable  maximum  area  over 
which  the  required  load  can  be  distributed.   It  was  found  that  by  concentrat- 
ing the  required  load  within  the  middle  ninth  of  the  plan  view  area,  stresses 
at  least  one-and-one  half  times  those  caused  by  the  same  load  applied  uni- 
formly would  occur.   Using  this  information,  the  step-by-step-  procedure 
presented  in  the  next  section  for  the  certification  of  protective  cabs  and 
canopies  was  developed. 

STEP -BY -STEP  PROCEDURE 

The  following  procedure  can  be  employed  to  certify  protective  cabs  and 
canopies . 

1.  Attach  the  cab  or  canopy  to  a  rigid  platform  in  the  same  manner  as 
it  is  to  be  attached  to  the  electric  face  equipment  during  actual  use.   A 
rigid  platform  is  defined  as  a  surface  of  such  firmness  that  it  cannot  be 
penetrated,  deflected,  or  bent  by  the  legs  of  the  loaded  cab  or  canopy.   In 
most  situations  the  mining  equipment,  itself,  can  be  considered  the  rigid 
platform.   In  cases  where  the  cab  or  canopy  has  unequal  legs,  raised  platforms 
must  be  erected  underneath  the  shorter  legs.   Doors  and  similar  lateral  pro- 
tection should  be  removed  from  cabs. 

2.  Load  the  cab  or  canopy  within  the  middle  ninth  of  its  plan  view 
area  with  a  load  that  is  equal  to  or  greater  than  whichever  is  smaller, 
18,000  lb  or  15  psi  times  the  plan  view  area. 


3.  Record  the  vertical  deflection  of  the  centroid  of  the  protective 
structure's  top  which  is  caused  by  the  application  of  the  total  load.   A 
displacement  dial  gage  having  a  sensitivity  of  0.001  inch  or  an  equivalently 
sensitive  measuring  device  should  be  used.   The  gage  is  set  into  position  and 
zeroed  prior  to  loading. 

4.  Completely  unload  the  cab  or  canopy  and  record  the  permanent  vertical 
set  (residual  deformation)  of  the  top. 

5.  If  the  residual  deformation  is  less  than  10  percent  of  the  recorded 
maximun  vertical  deflection,  the  cab  or  canopy  may  be  certifed  as  substantial 
by  a  State-registered  professional  engineer.   Should  the  residual  deflection 
be  greater  than  10  percent,  the  cab  or  canopy  cannot  be  certified  nor  retested 
because  damaging  permanent  deformation  of  some  of  the  structure's  members  has 
probably  occurred.   In  all  cases  the  visible  failure  of  welds  or  any  stru- 
tural  member  requires  that  the  cab  or  canopy  must  fail  the  subject  certifi- 
cation procedure. 

Cabs  and  canopies  that  are  adjustable  without  rotating  any  structural 
member,  should  be  tested  in  their  highest  position.   Protective  cabs  and 
canopies  whose  adjustability  involves  the  rotation  of  any  structural  member, 
should  be  loaded  in  both  their  highest  and  lowest  positions.   Hydraulic  rams 
or  cylinders  should  be  replaced  with  equivalently  stiff  structural  members. 

When  using  the  electric  face  equipment  as  the  rigid  platform,  it  may 
be  necessary  to  add  support  underneath  the  area  on  which  the  cab  or  canopy 
is  mounted.   This  is  especially  necessary  for  shuttle  cars  and  other  rubber- 
tired  vehicles. 

The  next  section  illustrates  the  implementation  of  the  previous  testing 
procedure  for  five  canopies. 

EXAMPLES  OF  TESTING  CABS  AND  CANOPIES 

The  following  figures  depict  various  possible  methods  by  which  cabs  and 
canopies  could  be  tested  in  accordance  with  the  procedure  outlined  in  the 
previous  section  of  this  report.   The  first  sample  canopy  shown  in  figures  1 
to  3  is  constructed  of  structural  tubing  with  one  short  legs,  under  which  a 
built-up  rigid  platform  is  erected.   A  hydraulic  cylinder  connected  to  a 
load  frame  applies  the  total  load  within  the  middle  ninth  of  the  plan  view 
area.   The  maximum  and  residual  vertical  deflections  underneath  the  load 
platen  are  recorded  with  a  displacement  dial  gage.   The  legs  of  this  canopy 
have  plates  welded  to  the  bottom  which  have  holes  for  attachment  bolts.   The 
plates  are  bolted  to  the  rigid  platform  in  a  manner  similar  to  how  they  would 
normally  be  bolted  to  the  machine  frame. 

The  canopy  that  is  shown  in  figures  4  to  6 ,  which  was  chosen  as  the 
second  sample,  is  also  constructed  of  structural  tubing.   This  canopy  has  legs 
of  equal  length,  but  a  nonrectangular  top.   It  is  bolted  into  receptacles 
which  are  welded  to  the  rigid  platform  and  loaded  with  dead  weights. 
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FIGURE  1.  -  Top  view  of  the  canopy  in 
example  No.  1. 


I 


m^ 


>  A/3 


I    I 


-Load   frame 


-Hydraulic  cylinder  or 
equivolent 


-^~  Load  platen 


■  Displacement  dial  gage  oi 
equivalent 


-^-  Built-up  rigid  platform  for 
short  leg 

-Rigid  platform  on  wtilcti 


ti^^y^^^.<4i'^<^'^.<^<'mi^^M^^ '°"°'" '"'' 


Legs  ore  connected  to  rigid  platform   similar  to  tiow  they  ore 
connected  to  the  mochine  frame. 

End  View 


FIGURE  2,  -  End  view  of  the  canopy  in  ex- 
ample No.  1  with  its  test 
hardware. 
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FIGURE  3.  -  Side  view  of  the  canopy  in  ex- 
ample No.  1  with  its  test 
hardware. 


LEGEND 


Maximum  area  over  which  applied  load  can  be  distributed. 
Location  of  dial  gage. 

Top  View 


FIGURE  4.  -  Top  view  of  the  canopy  in 
example  No,  2. 
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FIGURE  5.  -  End  view  of  the  canopy  in  ex- 
ample No.  2  with  its  test 
hardware. 
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FIGURE  6.  -  Side  view  of  the  canopy  in  ex- 
ample No.  2  with  its  test 
hardware. 


The  plan  view  area  of  the  canopy  is  trapezoidal,  as  is  the  allowable  middle 
ninth  area  which  has  dimensions  that  are  one-third  of  those  of  the  plan  view 
area.   Both  areas  share  the  same  centroid. 

Figures  7  to  9  show  that  the  third  sample  canopy  is  welded  directly  to 
the  rigid  platform  as  it  would  be  mounted  on  the  equipment  for  which  it  has 
been  designed.   As  in  the  first  sample  canopy,  this  canopy  has  one  short  leg 
under  which  a  raised  platform  is  built. 

Sample  No.  4,  represented  in  figures  10  to  13,  is  a  canopy  adjustable 
by  hydraulic  cylinders.   The  middle  ninth  area  is  loaded  with  dead  weights 
and  the  canopy  is  tested  in  its  lowest  and  highest  positions  with  two 
structural  members  replacing  the  hydraulic  cylinders.   Because  the  struc- 
tural members  in  the  canopy  rotate  as  the  canopy  is  raised  and  lowered, 
loading  the  protective  structure  in  two  positions  is  required.   The  bottoms 
of  the  two  added  structural  members  and  the  canopy's  two  rear  hinged  supports 
are  positioned  with  respect  to  each  other,  on  the  rigid  platform  similarly 
to  their  proposed  location  on  the  electric  face  equipment.   When  testing  the 
canopy  in  its  extreme  positions  a  trapezoidal  or  wedged-shaped  platen  or  its 
equivalent  must  be  used  to  level  the  dead  weights. 

The  fifth  sample  canopy  is  shown  in  figures  14  to  16.   This  structure 
has  a  top  that  is  partially  horizontal  and  partially  diagonal.   The  plan 
view  area  of  the  entire  canopy  is  used  to  determine  the  middle  ninth  area. 
A  load  frame  and  hydraulic  cylinder  are  employed  to  apply  the  loads. 

DISCUSSION 

An  acceptable  method  by  which  protective  cabs  and  canopies  can  be  tested 
for  certification  is  presented  in  this  report.   In  the  previous  section, 
methods  were  given  by  which  five  canopies  could  be  tested  in  accordance  with 
the  developed  procedure.   These  methods  are  but  a  few  of  the  many  ways  the 
present  test  can  be  implemented.   For  example,  in  all  five  cases  a  displace- 
ment dial  gage  with  a  telescoping  leg  is  used  to  measure  deflection.   In  lieu 
of  this  leg,  a  raised  platform  or  a  mounting  frame  can  be  employed.   Also,  the 
dial  gage  can  easily  be  replaced  with  a  displacement  transducer  or  any  other 
equivalently  accurate  measuring  device. 

The  allowable  10-percent  measured  residual  deflection  is  to  account  for 
permissible  experimental  error  and  for  the  internal  friction  of  the  tested 
structure,  the  loading  mechanism,  and  the  displacement  dial  gage  or  its 
equivalent.   However,  if  the  allowable  residual  deflection  is  totally  indica- 
tive of  the  permanent  set,  it  should  not  significantly  affect  the  substantial- 
ness  of  the  tested  cab  or  canopy  because  the  plastic  deformation  causing  such 
permanent  set  is  confined  and  has  been  induced  by  a  loading  more  severe  than 
the  uniform  load  required  by  law.   Measured  permanent  deformations  greater 
than  10  percent  generally  indicate  appreciable  plastic  deformation  and  hence  a 
significantly  weakened  protective  structure. 
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FIGURE  7.  -  Top  view  of  the  canopy  in 
example  No.  3. 
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FIGURE  8.  -  End  view  of  the  canopy  in  ex- 
ample No.  3  with  its  test 
hardware. 
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FIGURE  9.  -  Side  view  of  the  canopy  in  ex- 
ample No.  3  with  its  test 
hardware. 
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FIGURE  10.  -  Top  view  of  the  canopy  in  example  No.  4. 
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FIGURE  1 1.  -  End  view  of  the  canopy  in 
example  No.  4  with  its 
test  hardware. 
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FIGURE  12.  -  Side  view  of  the  canopy  in 
example  No.  4  in  its  high- 
est position  with  its  test 
hardware. 
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FIGURE  13.  -  Side  view  of  the  canopy  in 
example  No,  4  in  its  low- 
est position  with  its  test 
hardware. 
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FIGURE  14.  -  Top  view  of  the  canopy  in 
example  No.  5. 
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FIGURE  15.  -  End  view  of  the  canopy  in 
example  No.  5  with  its 
test  hardware. 
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FIGURE  16.  -  Side  view  of  the  canopy  in  example  No.  5  with  its  test  hardware. 
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The  reader  has  been  cautioned  in  previous  sections  of  this  report  not 
to  reload  a  cab  or  canopy  that  has  failed  the  presented  testing  procedure, 
that  is,  a  cab  or  canopy  that  has  received  permanent  deformation  greater  than 
10  percent  of  the  measured  maximum  deflection.   To  illustrate  the  importance 
of  this  statement,  two  load-deflection  curves  for  a  canopy  tested  in  accord- 
ance with  the  subject  certification  procedure  are  presented  in  figures  17  and 
18.   This  canopy  is  similar  to  that  shown  in  figure  1  with  the  exception  that 
all  its  legs  are  of  equal  length.   The  plan  view  area  of  this  canopy,  which 
was  loaded  by  a  universal  testing  machine  and  whose  deflection  was  recorded 
by  a  displacement  transducer,  had  a  plan  view  area  of  780  square  inches.   This 
area  multiplied  by  15  psi  gives  a  required  load  of  11,700  lb.   Figure  1  illus- 
trates the  initial  loading  of  the  canopy  to  the  required  load  and  the  complete 
unloading  of  it.   The  maximum  and  residual  deflections  were  measured  as 
0.790  inch  and  0.281  inch  respectively.   In  this  case  the  residual  deflection 
is  35.6  percent  [(.281/. 790)  x  lOO]  of  the  maximum  deflection  which  dictates 
the  canopy  cannot  be  certified  by  the  subject  testing  procedure. 

In  figure  18  the  load-deflection  curve  for  a  second  loading  of  this 
canopy  is  given.   The  residual  deflection  of  0.059  inch  is  now  only  9.4 
percent  of  the  maximum  deflection,  0.626  inch.   In  general,  loading  a  cab 
or  canopy  that  has  been  loaded  previously  will  almost  always  give  a  residual 
deflection  less  than  that  found  in  previous  tests.   The  ratio  of  residual  to 
maximum  deflection  also  decreases  as  strain-hardening  induced  by  the  previous 
loading (s)  causes  the  cab  or  canopy  to  act  more  elastically.   This  strain- 
hardening,  when  excessive,  robs  the  protective  structure  of  a  significant 
portion  of  its  available  strain  energy. 

The  elastic  load  criterion  of  18,000  lb  or  15  psi  required  by  Federal 
law  was  based  upon  a  combined  statistical,  analytical,  and  experimental 
investigation  (this  work  will  soon  be  published  by  MESA  as  an  Informational 
Report).   It  was  found  that  a  cab  or  canopy  designed  to  meet  this  elastic 
load  criterion  has  at  least  enough  potential  energy  (in  the  form  of  available 
strain  energy)  to  withstand  the  majority  of  roof  falls  as  determined  by  the 
statistical  analysis  of  all  fatal  roof  falls  from  1966  to  1972.   Consequently, 
retesting  a  cab  or  canopy  that  has  failed  the  present  certification  procedure 
could  possibly  lead  to  certification  of  a  protective  structure  that  has  a 
significant  reduction  in  its  ability  to  react  to  the  kinetic  energy  of  falling 
roof.   For  this  reason  retesting  of  cabs  and  canopies  that  have  failed  the 
present  procedure  is  not  allowed. 

It  should  be  noted  that  the  previously  mentioned  canopy  was  designed 
using  the  computer  program  CANOPY  to  elastically  support  12,000  lb.   This 
canopy  failed  the  present  testing  procedure  which  illustrates  that  the  tech- 
nique often  gives  conservative  results. 

The  five  previously  presented  examples,  which  depict  the  implementation 
of  the  testing  procedure,  use  either  a  hydraulic  ram  or  dead  weights  to 
apply  the  load.   The  hydraulic  ram  is  preferable  because  it  can  apply  the 
load  incrementally  which  would  diminish  the  possibility  of  significantly 
overloading  a  weak  cab  or  canopy.   If  dead  weights  are  employed  they  should 
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be  applied  in  several  stages.  With  either  method  of  loading  it  behooves  the 
tester  to  distribute  the  load  over  as  much  of  the  middle  ninth  area  as 
possible  to  reduce  both  the  conservativeness  inherent  in  the  test  and  the 
possibility  of  significant  overload. 

The  developed  testing  procedure  is  relatively  simple  to  follow  and 
provides  manufacturers  and  coal  mine  operators  with  a  testing  method  for 
certification  of  their  cabs  and  canopies.   It  should  be  understood,  however, 
that  the  test  gives  generally  conservative  results.   Accuracy  in  determining 
a  protective  structure's  elastic  strength  has  been  sacrificed  for  simplicity 
of  testing  by  introducing  safety  factors  which  cause  conservative  test 
results.   There  will  undoubtedly  be  cabs  and  canopies  that  fail  this  test, 
as  the  one  illustrated  previously,  that  could  be  certified  as  substantial 
by  acceptable  engineering  analyses  or  more  sophisticated  tests.   By  the 
same  token,  cabs  and  canopies  that  pass  the  subject  test  usually  contain  a 
good  margin  of  safety  over  the  strength  required  by  law. 
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RADON-DAUGHTER   SLIDE   RULE 

by 
Robert  T.  Beckman  ^  and  Robert  L.  Rock  2 


ABSTRACT 

This  Mining  Enforcement  and  Safety  Administration  (MESA)  publication 
describes  a  slide  rule  designed  and  fabricated  to  simplify  radon-daughter 
computations  made  by  the  Kusnetz  (3)^   and  Rolle  (5_-6^)  methods.   The  purposes 
of  this  publication  are  to  describe  this  slide  rule,  its  advantages,  and 
operation. 

This  slide  rule  provides  an  easy,  rapid,  accurate  method  of  computing 
radon-daughter  sampling  results  and  supplants  the  tables  ,  nomographs ,  and 
manual  methods  of  calculation  presently  in  use. 

INTRODUCTION 

Radon  daughters  are  an  inherent  health  hazard  in  uranium  mines  and  many 
other  types  of  mines.   To  insure  that  the  radon-daughter  concentration  of 
these  mines  does  not  exceed  the  limits  set  by  Federal  and  State  laws,  inspec- 
tors and  safety  personnel  sample  the  mine  atmospheres  regularly.   The  radon- 
daughter  concentrations  of  the  atmospheres  sampled  are  then  computed  from 
data  obtained  from  the  samples. 

The  computation  of  radon-daughter  concentrations  was  originally  done  by 
hand,  but  as  the  state  of  the  art  progressed,  tables  and  nomographs  were 
introduced  to  replace  the  tedious  hand  calculations.   The  tables  and  nomo- 
graphs accelerated  the  calculations,  but  most  often  introduced  restrictions 
on  sample  volumes  and  were  not  readily  adaptable  to  other  sampling  variables. 
Tables  and  nomographs  are  generally  bulky,  difficult  to  read,  and  especially 
unhandy  for  use  in  wet  mines. 

Because  the  Radiation  Group  of  the  Denver  Technical  Support  Center,  MESA, 
is  intimately  concerned  with  the  radon-daughter  problem  and  because  the 
Radiation  Group  personnel  and  Federal  Mine  Inspectors  all  sample 


"''Mining  Engineer,  Radiation  Group. 
2Chief ,  Radiation  Group. 

^Underlined  numbers  in  parentheses  refer  to  items  in  the  list  of  references 
at  the  end  of  this  report. 


radon-daughter  concentrations  routinely,  a  slide  rule  was  designed  and  fabri- 
cated both  to  simplify  radon -daughter  computations  and  to  minimize  the  chances 
for  mechanical  or  mathematical  errors  to  occur. 

This  slide  rule  was  designed  specifically  for  radon-daughter  calculations, 
and  is  rugged,  easy  to  handle  and  easy  to  use.   The  slide  rule  incorporates 
two  moveable  slides;  one  functions  as  the  slide  on  a  normal  slide  rule,  the 
second  is  reset  only  when  the  counting  efficiency  of  the  alpha-particle 
detector  changes. 

GENERAL  DESCRIPTION 

The  radon-daughter  slide  rule  (fig.  1)  is  fabricated  on  the  reverse  side 
of  a  normal  10-inch  slide  rule.   This  was  done  to  allow  the  user  to  make  air 
quantity  and  other  radon-daughter  related  computations  with  the  same 
instrument . 

The  radon-daughter  slide  rule  is  specifically  designed  to  calculate 
radon-daughter  concentrations  by  the  Kusnetz  (3_)  and  Rolle  (5^-6^)  methods. 
The  Kuznetz  method  is  presently  the  standard  method  (1)  for  measuring  the 
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FIGURE  1.  -  Radon-daughter  slide  rule. 


radon -daughter  concentrations  in  mine  air,  but  the  Rolle  method  may  be  used 
to  obtain  faster  results  where  necessary.   Each  method  has  advantages  and 
disadvantages,  but  a  description  of  the  various  advantages  and  disadvantages 
is  not  within  the  scope  of  this  report. 

The  formula  used  to  calculate  both  Kusnetz  and  Rolle  results  is: 


^  ^  cpm  X  EF 


vol,  X  TF 


(1) 


where    WL  =  Radon-daughter  concentration,  working  levels,* 

cpm  =  Alpha  particle  counting  rate,  counts  per  minute, 

EF  =  Efficiency  factor  of  instrument,  reciprocal  of  decimal 
efficiency. 
Vol.  =  Total  sample  volume  taken  during  a  5 -minute  interval,  liters. 


and 


TF   =  Time   factor   from  chart    (fig.    2)    for  Kusnetz  method, 
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FIGURE  2.  -  Time  factor  chart,  adapted  from  reference  3. 


The  time  factor  is  a 
single  value  (203)  for  the 
Rolle  method.   The  time  used 
to  obtain  the  factor  from 
the  Kusnetz  chart  is  the 
time  between  the  end  of  sam- 
pling and  counting.   The 
time  must  be  between  40  and 
90  minutes  to  obtain  accu- 
rate results . 

For  computation  of 
radon-daughter  concentra- 
tions ,  the  radon-daughter 
slide  rule  is  equipped  with 
five  scales  ,  one  for  each  of 
the  factors  in  equation  1. 

■^Working  level  is  a  special 
unit  of  radon-daughter 
concentration  in  air;  one 
working  level  is  defined 
as  any  combination  of 
short-lived  daughters  in 
one  liter  of  air  that 
will  result  in  the  emis- 
sion of  1.3  X  10^  MeV 
(million  electron  volts) 
of  potential  alpha  energy 
in  decaying  through  RaC ' . 


Efficiency  factor  -  The  efficiency  factor  of  the  instrument  used  to  count 
the  sample.   This  factor  remains  constant  for  each  instrument  until  recali- 
bration  of  the  instrument  indicates  otherwise. 

Time  after  sample  -  The  time  from  the  end  of  sampling  to  counting.   This 
scale  is  moveable--the  set  screws  may  be  loosened,  the  index  mark  of  the  scale 
aligned  with  the  proper  efficiency  factor,  and  the  set  screws  tightened  with 
the  scale  in  this  position  after  each  calibration  of  the  instrument. 

Liters  in  sample  -  Total  sample  volume  taken  during  a  5-minute  sample, 
liters . 

Cts/min.  -  Count  rate  measured  during  counting,  counts  per  minute.   If 
the  sample  is  counted  more  than  once  with  a  rate  meter  or  for  longer  than  one 
minute  with  a  scaler,  then  the  average  of  these  readings  is  used  and  the 
time  of  counting  is  assumed  to  be  the  median  of  the  several  counting  times. 

Working  level  -  The  radon-daughter  concentration  measured,  working  levels 
(WL). 

All  of  the  slide  rule  scales,  except  the  time  scale,  were  engraved 
directly  on  the  reverse  side  of  the  slide  rule  by  a  plastic  engraving  firm. 
For  this  purpose,  the  slide  rule  used  must  be  blank  on  the  side  to  be  engraved. 
The  engraving  was  done  from  a  master  which  was  2-1/2  times  full  scale  by  means 
of  an  engraving  pantograph.   The  time  scale  (inset)  was  engraved  in  the  same 
manner  on  1/8-inch  white  plastic  stock.   After  all  items  had  been  engraved, 
the  inset  slot  was  milled,  the  necessary  machining  of  the  inset  scale  was  done, 
and  the  unit  was  assembled. 

OPERATION 

The  slide  rule  operation  is  very  simple  for  both  the  Kusnetz  and  Rolle 
calculations,  which  will  be  described  separately. 

Kusnetz  Calculations 


The  basic  steps  for  a  Kusnetz  calculation  are  as  follows: 

1.  Loosen  the  set  screws  and  set  the  index  mark  of  the  inset  portion  of 
the  slide  rule  (time  scale)  at  the  proper  efficiency  factor.   (The  efficiency 
factor  is  the  reciprocal  of  the  decimal  gross  efficiency  of  the  instrument  and 
is  determined  by  calibration  with  RaC ' . )   After  the  efficiency  factor  is  set, 
tighten  the  set  screws.   The  inset  scale  of  the  slide  rule  should  remain 
stationary  unless  subsequent  recalibration  of  the  instrument  indicates  that 
the  efficiency  factor  has  changed.   If  the  efficiency  factor  changes  or  if 
the  slide  rule  is  used  with  another  instrument,  then  the  inset  scale  must  be 
reset  to  the  proper  value. 

2.  Set  slide  by  moving  the  slide  of  the  slide  rule  so  that  the  LITERS 
IN  SAMPLE  value  aligns  with  the  TIME  AFTER  SAMPLE  value.   Only  the  black 
numbers  (40  to  90  minutes)  may  be  used  for  official  samples.   The  red  numbers 


(100  to  240  minutes)  may  be  used  for  estimations  of  samples  which,  for  some 
reason,  have  aged  over  90  minutes. 

3.   Move  the  hairline  to  the  CTS/MIN  value  and  read  the  radon-daughter 
concentration  (WL)  on  the  WORKING  LEVEL  scale. 

Rolle  Calculation 

If  a  Rolle  sample  is  being  calculated,  the  following  operations  are 
performed . 

1.  Efficiency  factor  setting  remains  the  same  as  for  the  Kusnetz 
calculation. 

2.  Set  slide  by  moving  the  slide  of  the  slide  rule  so  that  the  LITERS  IN 
SAMPLE  value  aligns  with  the  red  "R"  on  the  TIME  AFTER  SAMPLE  scale.   This  is 
for  a  5-minute  sample  counted  for  1  minute,  with  the  count  started  exactly  8.5 
minutes  after  the  end  of  sampling. 

3.  Move  the  hairline  to  the  CTS/MIN  value  and  read  the  radon-daughter 
concentration  (WL)  on  the  WORKING  LEVEL  scale. 

EXAMPLES 

Several  examples  of  slide  rule  calculations  are  given  below. 

Figure  3  illustrates  the  slide  rule  setting  for  a  10-liter,  5-minute 
sample  counted  56  minutes  after  sampling.   A  count  of  95  counts  per  minute 
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FIGURE  3.  -  Sample  calculation,  normal  Kusnetz,  EF  :-  3.0. 


was  obtained  in  a  counter  with  an  efficiency  factor  of  3.0  (efficiency  of  33 
percent).   After  the  instrument  was  calibrated,  the  index  of  the  time  scale 
was  set  at  3.0  and  the  scale  locked  in  place.   The  calculation  is  then  made 
by  placing  10  liters  opposite  56  minutes;  the  hairline  is  then  placed  at  95 
counts  per  minute  and  0.24  is  read  on  the  working  level  scale.   This  value  may 
be  computed  with  equation  1: 

cpm  =  95 

EF  =3.0 
Vol  =  10 

TF  =  118,  from  figure  2, 


then 


WL  =  ^^  ^  ^-^  =  0.242 
10  X  118 


Figure  4  illustrates  a  similar  Kusnetz  calculation  with  different  data. 
For  this  sample,  a  count  of  93  cpm  was  obtained  for  a  10-liter,  5-minute  sam- 
ple 50  minutes  after  the  end  of  the  sample;  the  efficiency  factor  of  the 
instrument  was  3.4.   This  calculation  was  performed  by  resetting  the  time 
scale  index  at  3.4,  and  then  placing  10  liters  opposite  50  minutes.   The 
hairline  was  moved  to  93  cpm  and  the  answer  of  0.24  WL  was  read  on  the  work- 
ing level  scale.   Using  equation  1  and  figure  2, 

cpm  =  93 , 

EF  =3.4, 

vol  =  10, 

TF  =  130, 
and 

WL  =  93  X  3.4  ,  0.243. 
10  X  130 

Figure  5  demonstrates  the  use  of  the  slide  rule  to  estimate  the  radon- 
daughter  concentrations  for  samples  which  have  aged  over  90  minutes.   For  a 
10-liter,  5-minute  sample,  50  cpm  was  counted  105  minutes  after  the  end  of  the 
sample  with  an  instrument  with  an  efficiency  factor  of  3.4,   The  time  scale 
index  remains  at  3.4,  and  10  liters  is  set  opposite  105  minutes.   The  hairline 
is  moved  to  50  cpm  and  the  estimation  of  0.40  is  read  on  the  working  level 
scale.   Equation  1  may  be  used  to  compute  the  estimation,  but  figure  2  may  not 
be  used  to  obtain  time  factors  for  times  over  90  minutes.   The  time  factor  for 
105  minutes  after  the  end  of  the  sample  may  be  computed  to  be  43,   Using 
equation  1, 

cpm  =  50, 

EF  =  3.4, 

vol  =  10, 

TF  =43, 


and 

WL  = 

10  X  4.3 


WL  =  50_2<_i^  =  0.395. 
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FIGURE  4.  -  Sample  calculation,  normal  Kusnetz,  EF  =  3.4. 
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FIGURE  5.  -  Sample  calculation,  Kusnetz  estimation. 

Figure   6    illustrates   a   calculation  made   by   the   Rolle  method    (5_-6^)  .      The 
50-liter,    5-minute   sample  was    counted    for    1  minute,    commencing  exactly   8.5 
minutes  after   the   end  of  sampling   in  an   instrument  with  an  efficiency   factor 


FIGURE  6.  -  Sample  calculation,  Rolle  method, 

of  3.4,  obtaining  a  count  of  850  cpm.   (A  scaler  must  be  used  for  this  proce- 
dure.)  The  slide  rule  is  then  set  as  follows:   The  index  of  the  time  scale 
remains  at  3.4,  50  liters  is  set  opposite  the  red  R,  and  0.28  WL  is  read 
opposite  850  cpm.   Using  equation  1, 


cpm 

= 

850, 

EF 

= 

3.4, 

vol 

= 

50, 

TF 

= 

203 

(5), 

and 


WL  =  850  X  3.4  ^  0.285 
50  X  203 


The  last  example  (fig.  7)  demonstrates  how  a  sample  may  be  computed 
when  the  answer  falls  off  the  working  level  scale.   For  this  example,  the 
efficiency  factor  was  2.3,  the  time  40  minutes,  the  sample  volume  10  liters, 
and  the  count  60  cpm.   The  slide  rule  is  set  as  shown  in  figure  7.   The  index 
is  opposite  2.3,  and  10  liters  is  set  opposite  40  minutes.   The  hairline 
is  moved  to  60  cpm  and  the  working  level  is  less  than  0,1  WL.   If  the  exact 
value  is  desired,  then  this  value  may  be  obtained  by  reading  the  value 
opposite  600  cpm  (60  cpm  x  10)  and  dividing  this  number  by  10;  at  600  cpm. 
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FIGURE  7.  -  Sample  calculation,  scale  expansion. 

the  value    is    0.92   WL,   and    the  value   at   60   cpm  will   be   0.09  WL.      With 
equation   1  and    figure   2, 

cpm  =  60, 

EF    =  2.3, 
vol   =   10, 

TF   =   150, 


and 


WL   =  ^Q   ^-    ^-3      =  0.285. 
10   X    150 


ACCURACY 

The   accuracy  of   the    instrument    is   more    than  adequate    for   routine    radon- 
daughter   sampling   calculations.      A  number  of    test   calculations   have    been  made 
with  both   slide  rules   and   calculators.      These   calculations    indicate  maximum 
errors   of   0.01  WL   in   the   0.1    to    1 . 0  WL   range   and   0.1  WL   in    the    1.0   to  WL 
range.      Radon-daughter   concentrations   are   normally   only    reported    to    two 
significant   digits   and  above    errors   would    result    in  an  error  of   ±1    in   the 
second   digit  which   is   entirely   acceptable. 
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The  accuracy  of  the  values  computed  for  radon-daughter  concentrations  is 
also  dependent  on  the  accuracy  of  the  measurement  of  volume,  time,  and  count 
rate.   These  factors  are  discussed  by  Loysen  (4^),  Groer  (2^),  and  Rolle  (5_- 6^) . 

SUMMARY 

The  radon-daughter  slide  rule  described  in  this  report  provides  an  easy, 
rapid,  accurate  method  of  computing  Kusnetz  and  Rolle  radon-daughter  sampling 
results.   The  device  requires  only  a  minimum  of  training  before  use;  much  less 
training  is  required  than  for  the  other  methods  of  computation.   The  slide 
rule  supplants  the  tables,  nomographs,  and  manual  methods  of  calculation 
presently  in  use,  and  allows  conventional  calculations  to  be  performed  on 
the  standard  slide  rule  on  the  reverse  side. 

One  of  the  greatest  advantages  of  the  slide  rule  is  that  it  does  not 
discourage  frequent  calibration  of  sample  pumps  and  counting  instruments  as 
the  use  of  charts  and  nomographs  have  a  tendency  to  do.   Variables  in  sample 
volumes  and  detector  efficiencies  are  easily  accomodated  with  the  slide  rule 
while  charts  and  nomographs  require  extensive  mathematical  adjustments. 
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